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YAW ON LATERAL STABILITY AND

CONTROL CHARACTERISTICS

By Hubert M. Drake

SUMMARY

The effects of large variations of the directional-
stability derivative Cn~ (rate of change of yawing-

moment coefficient with &@e of sideslip) and the
rotary-damping-in-yaw derivative C~r (rate of change

of yawing-moment coefficient with ya~ng-angular-velocity
factor) on the lateral stability and control character-
istics of a free-fl~.ng model have been determined by
flight tests in the Langley free-flight tunnel. The
effects of each parameter were investigated for three
values of’the lateral-force derivative Cy; (rate of

change of lateral-force coefficient with abgle of side-
Slip) . In the tests the ailerons were used as the
principal lateral control.

Increasing Cnr for mediuii or large values of Cnp
and CYG was found to improve the stability but to have

little ~ffect on control and general flight behavior.
At low values of C for low and moderate values

‘P
of cyRs moderate increases in Cnr slightly irlproved

the cofitrol and flight behavior but larger increases
caused the control,and hence the flight behavior, to
become worse.

Increasing Cnp was folandto be beneficial to

stability and control in all tests. The value of C
‘P

required to obtain satisfactory flight depended to sortie
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extent on the accompanying value of ~Y~;
larger values b-—

of Cn
P

were required to obtain good f~ights with large —

values of’ CV than with small values of
‘P

+
P

INTRODUCTION

Some question has been raised as to the probable
lateral stability and control characteristics of air-
planes having relatively low values of the directional-
stability derivative Cn , the rotary-damping-in-yaw

derivative C
9

nr ? and the lateral-force derivative cyB*.-
Interest in the effects of these derivatives. has increased
recently with the design of several..airplan~.shaving small
values of sore-eof these derivatives. An investigation
has been conducted, therefore, in the Langle~ free-flight
tunnel of the effects of inde~endent variation of CnP,

Cnr> and CYB on the stability and control of a flying

model. The part of the investigation that dealt with
the effects of Cyb has been previously reported in

reference 1. The ~resent pager describes the results
of the investigation of the effects of Cn

P
and C

%
for zero dihedral.

.

—

—

Changes in the values of Cnp$ Cnr, and Cy
P

were

obtained by various combinations of vertical-surface area
an~ tail l;ngth so thet on~ deri”vati”ve coul-dbe varied
while the other two were held appro~imately constant.
The aerodynamic characteristics of the varions flight
confip:urations were determined by force tests and free-
osoillatfon tests,

-.

SYMBOLS AND COEFFICIENT’S

The forces and coefficients weje measured with
reference to the stability-axes. A diagram of these
axes showing the positive directions of forces and
moments is presented as figure 1. The forces and coef-
ficients used in the present paper” alreaS follows: .“

— .
w

w

.-
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()Liftlift coefficient —
qs

rolling-moment coefficient

yawing-moment coefficient

lateral-force coefficient

(Rolling moment
qsb )

(
Yawing moment

qsb )

(
Lateral force

,qs )

wing area, square feet

wing 9pan, feet

dynamic pressure, pounds per square foot
(2)
~ PV2

airspeed, feet per second

sidewise displacement, feet

mass density of air, slugs per cubic foot

time, ‘seconds

angle of sideslip, degrees

angle of yaw, degrees (for force-test data, ~ = -p)

angle of bank, degrees
--

stabilizer setting, degrees

elevator deflection., ,degrees
r

rolling v~ment, about X-axis .

yawing moment, about Z-axis

pitching moment, about y-axis

rudder deflection, degrees
—

angle of attack, degrees --

time for oscillation to damp to one-half amplitude,
seconds
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P period of lateral oscillation, seconds M

kx radius of”gyration about

kz radius of gyration about

pb/2V helix angle generated by

X-axis, fee_t

Z-&is, feet

wing tip in roll, radians

P rolling angular velocity, radians per second

r yawing angular velocity, radians per second

Cz
P

effective-dihedral derivative, that is, rate of
change of rolling-moment coefficient with

()

bcz
angle of sideslip, per degree

v-. ..

directional-stability derivative, that is, rate
C% of change of yawing-moment coefficient with .. . --

(.)

aCn
angle of sideslip, per degree

*

v

C)lr rotary-damping-in-yaw derivative,, that is, rate a

of change of yawing-moment coefficient with
yawing-angular-velocity factor, per radian

()

dCn

0
+

Cy lateral-force derivative, that is, rate of change
P of lateral-force coefficient with angle of

()

bcy
sideslip, per degree

F

APPARATUS AND XODE~ —.

The tests were conducted in the Langley free-flig~
tunnel described in reference 2. Force tests were made
on the free-flight-tunnel six-component balance described
in reference 3 and free-oscillation tests to deter-
mine Cnw were made on the apparatus described in

—

i-

k

referencg 4.
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A three-view sketch of the model
is showm as figure 2 and a photograph

5

used in the tests
of the model is

shown as fi.gur~ 3. The test mod;l was so designed that
vertical tails of different size (fig. 2) could be mounted
at various locations along the fuselage, both ahead of
and behind the center of gravity. Th;efuseiage was
designed to contribute as little lateral force as possible
in order to test small values of ~y’ -The dimensional

E
and mass characteristics of the model are presented in
table I.

TESTS

Fange of Tests

The range of test conditions covered in the investi-
gation is shown in figure ~ in the form of slope values
obtained from the force and free-oscillation tests of the
model in various conditions. The derivatives Cnn and

Cnr were varied for three values of Cyfl (-o.00Q+ ,

-0.0105, and -0.0205). ~hanges in Cn~~ r Cnr, and CYB

were obtained by var~ous combinations &f vertical-surfa;e
area and tail length so that one parameter could be
varied while the other two were kept approximately
constant.

Flight tests were made at a lift coefficient of O.~
for each of the conditions represented by the test points
shown in figure 4.

The ailerons were used as the principal control for
most of the flights v.lththe rudder either fixed or
coordinated with. ailerons. A few flights were made with
independent rudder and aileron control to determine the
effects of this type of control on tineflight character-
istics of some of the configurations tested. For con-
ditions in which the rudder control was not available,
the tilerons were tritmredup 10° in order to reduce the
adverse yawing due to the ailerons. The ailerons were
also tri~yed up for some conditions in wh~ch rudder con-
trol was avall~ble in order for smaller. rudder deflections
to be used to eliminate the adverse yawing. The total
aileron deflection used”in the tests was 30°. This
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deflection gave a value of pb/2V of about=0,07, as
.
1

measured in rolls from level flight.with rudder fixed,
—

Flight tests were made at an effective dihedral
angle of approximately 0° as measured by force test~.
Inasmuch as the vertical tail contributes to the effec-

—

lxivedihedral, the vertical tails required for the various
configurations were added above or below the fuselage in
order to maintain the effective dihedral angle as near
0° as possible.

Throughout the tests the mass characteristics were
maintained constant at the values given in table I.

Technique of Testing

Two Methods of”lateral control~were used during the
tests. The first method was the normal means of control,
in which the aileron and rudder wer& coordinated to
deflect at the same time and in which provision was made -
for fixing the”rudder in the neutral settingy In this
way, flights.were possible with ailerons alone. This
means of control is referred to as “coordinated control!’
and, unless-otherwise stated, was the type of control
used in the tests. ‘Iheother method consisted of
applying d.leron and rudder control.independently.
Using this cqntrol the pilot could at will apply the
rudder either alone, against, or with the ailerons. . _.
This type of control is referred to as “independent
aileron and rudder control.” In.both of these methods
the aileron and rudder i$eflecteclabruptly to..full
travel when the control was applied,

—
.=. .

—

a
-.

x

—

—

The model was--flown at eacl.of.~he test–conditions
represented by the parameter values-in figure .!+..
Graduated ratings on stability, control, and general
flight characteristics were assigned e&ch test condi-
tion from the pilot~s observations of the model in
flight o The stability and control ratings used were
as follows:

r T

Dating Stability or control
v

q
A Good

B
r

Fair

Ic Poor

D JTerypoor’
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Plus or minus ratings were assigned to indicate slight
but perceptible changes in the rating. Motion-picture
records of some flights were made to-peimit more careful
study of the flight characteristics and thereby to aid
observers in making more accurate flight ratings.

The stability of a free-flying model in the Langley
free-flight tunnel is generally determined from the
steadiness of flight in the “rather gusty air of the tunnel.
A very stable model returns to its original flight path
more rapidly after receiving a gust disturbance and
generally does not tend to move as far from its original
flight path as one with less stability. Greater stability
is thus i-ndicated by greater steadiness. For unstable
conditions the degree of instability is judged from the
rate at which.the model deviates from a straight and
level flight and from the frequency of control applica-
tion required to mdnt~~n steady flight.

The control rating is determined from the ease with
which straight and level flight is maintained snd from
the response of the model to control applications
designed to perform maneuvers. Any unnatural lag or
motion in the wrong direction is judged as poor control.—

The general flight-behavior ratings, graduated from
excellent to unflyable, are based on the over-all flying
characteristics of the model. The ratings indicate the
ease with which. the model can be flown, both for straight
and level fliEht and for performance of the mild maneuvers
possible in the tunnel. Any abnormal characteristics of
the model are judged as poor general flight behavior when
they are disconcerting to the free-flight-tunnel pilots.

RESULTS AND MSCUSSION

The results of the investigation to determine the
effects of Cnr and Cn~ are shown ig figures 5 and 6,
which present pilot’s ra~ings for the stability, control,
and general flight characteristics for the test points

..shown in figure ~. It should be remembered that these
results were obtained for an e~fective dihedral angle
of 0°

( )
CL=O

P
and are strictly true only for this

dihedral. The trends shown herein, however, are believed
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to be independent of the.dihedral,
—

The effects of i ..

dihedral have been reported in reference 5,

Since completely separating the effects of the
three parameters CnP, enr~ and cY@ is impossible, —

some of the data reported in reference 1 ar_ereferred
to in this paper. FOP a complete .discussi~n of the

-.

effects 02 Cy s reference 1 should be use-d,
P

._..

Effect of Cnr

Effect of Cn on stability.= Figure ~ shows that

a slight increase in stability occurred as c was
‘r

increased for all three values of cY~ at 911 but the

smallest values of Cnp. Calculation; of & variation

in period and damping of the lateral oscillation with
changing Cnv were made by the method of reference 6..
for a value ;f cl. = -0,0105 and are presented In

figure 7, P
These calculations agree with th=””exuerimental

results; that is, increasing C increases the damping
‘r

of the oscillation and thereby increases tie stability
of the model. TZ-Jgeneral, the effects on stability of
varying %r ware similar to those--ofvarying

.. CYF
reported in reference 1..

.-
Effect of Cnw on control,- !T@eeffeclon control

Of va~g Cnr iS shown in~gme6 ‘to be ‘;mall and

to be dependent upon the accompanying value-of Cn~. ‘

Eor the largest values of Cn tested, very’littl~
P

change was noted in the control with increas–ed C
‘r”

At the lowest values of c for lQW and moderate ,- ..-
‘P

values of Cyp, the model control improved _withmoderate

increases in Cnr but bccama wors~”with lorgcr”increases _

i.n Cnr. This result might lm explained as follows: At.
vary low values of Cn~ the model y::wedto lar~e -.

angles as a result of gusts or control def-leotions,

—

.-—

:-.

—

.-j

.

.— —

.——

—
—

—

x.

—

.-
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A mderate increase in Cn caused a noticeable improve-
r

?nent in flight behavior by-increasing the stability and
thus reducing the frequency of control application
required to maintain steady flight. Still further
increases in Cn=, however, increased the stability to

such a-nextent t~at , once the model reached a lar~e
a~le of’yaw, the high damping caused the return to
zero yaw to be so slow that difficulty was encountered
in controlling the model by use of the ailerons.

At the low values of’ Cnp and cY? some flights

were made to d.etemnine how the use of “independent
aileron and rudder control!] WOU16 alter the effects
of cnv on general flight characteristics. Fli@ts

with this means of control were ti~deby’two methods;
(1) the ailerons were used, to hold the wings level
while the rudder was used to move the model laterally
in the tunnel, and (2) the rudder was used to maintain
zero sideslin while tl:eailsroi~s were used to T:ove the
model laterally in the tunnel. At Iowr”values of Cn~

the control as described in methods (1) and (2) was ‘
about the same as that with llcoordinated control,f’ the
‘normalmeans of control. with tinelm~e values of cn~~

method (2) showed a ~.arked improvement in control over’
the ‘coordinated controli~ but method (1) gave slightly
worse control charpcteristicso This result was obtained
bscause the rudder control over the sidewise motion was
extremely slow and much less effective than aileron
control.

Effect of Cn on general flight characteristics.-

The ratings of thergeneral flight characteristics are .
-——-

aresented in the control-rating charts of figure 6 as
sanarated rsgions. These ratings izuiicate that Cnr
had very little effect on the g,eneral fli~ht behavior
except at the lowest values of Cn~ for the low ati

moderate values of Cy . At thase’values, moderate
P

increases in Cnw improved the @~Le~al flight behavior

of the model, U;th further increases in the value
of Cn , however, the flight ratings became lower

becaus~ of the deterioration in the controllability at
large values of C

‘r ●

I
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Effect of Cn
P

.

The effect of CPA on the stability and control of—.

the model i,sshown in ~igures 5 and 6.

was found, in general, to be benefioi.al
and control. .......-

The beneficial effect of Cn was
P

considerable extent by the accompanying

Increasing Cn “-
P

to both stability—=-

modified to a—
values of ‘Y.

and, to a lesser extent, by-the ac~~ampanylng va~ues
““-P

of Cn , ~ increase in”the value.of .Cy~ from -0,0044
r

to -0.0205 required about a 100 percent increase in the
value of Cn to maintain a general flight..rating of ,

P
good. For any value of ,Cy i.nthe range “tested, a

t
,—

value of Cn of about 0,0 14 was required to obtain .
P —

fairly satisfactory flights. A vslue of Cn of .
P

about 0,0022 was required, “however, to”obtain entirely
satis~actory ,flights. .

In flights made at the lowest-stable values of C
‘P

and Cy~ the model was very contrb.llable,bu tthe flights

were ch[racteri.zed by a long-period large-amplitude
yawing oscillation that was objectionable ‘cQthe pilot.
This objectionable yawing oscillation offset-the good
control to some extent and thus affected the general
flight rating. For example, the po”int

(CYR
= -0.00QJ+,

= 0.0004, Cnr = -0.085
C% )

was give; arcontrol

raking of good but a general flight-behavioi-rating
of barely fair. —., ..X

Time histories of flights made at a.10W value
of Cn are shown in figure 3.,

P
These flights were

made in the course of the investigation repo~ted in
reference 1; therefore the values of %~ are not

the same as in the present investigation: me flight
behavior shown by these records, however, is very
similar to that noted in the present tests. !The

—-
,=

—

—

—

—

.-

—

----

.-.. —

—

v

.— .-
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large-amplitude yawing oscillation shown in the motion-
picture records has been”previously reported for other
airplanes (model and full-scale tailless designs) having
SWall vJu:39 of ~n ~ and Cy

k e
and was slmil~rly o-~j.co%ion-

able to both free-flight-tunnel and airplane pilots. The
record of control a_oolication shows that the model with
low ~Ye WQS very ~~ntrollable, requiring only an

occasional brief flick of the controls. Then CY
P

was

increased to the larger value, the model was barely flyable
and relatively insensitive to control. These effects
of Cy

“P
are described more completely in reference 1.

A motion-picture record of a flight made with
negative directional stability is presented in fig-
ure 9. The model in this condition was directionally
unstable but the divergence was relatively slow.
Although the divergence was net affected by the aileron
control, the model could probably have been controlled
by use of independent rudder. For this configuration,
however, independent rudder control was not available.

CONCLUSIONS

The results of tests conducted in the Langley free-
flight tunnel to determine the effects of the rotary-
damping-in-yaw derivative Cn= (rate of change of

yawing-moment coefficient wit& yawing-angular-velocity
factor) and the directional-stability derivative Cn

P
[rate of change or yawing-moment coefficient with angle
of sideslip) on lateral stability and control character-
istics may be summarized as follows:

1. Increasing Cnr increased the stabtlity of the

model but had little effect on the control or general
flight behavior for all but the lowest values of C

‘P
and CYB (rate of change of lateral-force coefficient

with anile of sideslip). At low values of Cn~ for

low and m,oderate values of Cye9 moderate inc~eases

in CnV slightly improved the control and flight

behavi~r but lcrg6r increases caused ths control, and
hence the flight behavior, to become worse.
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2. In general, increasing C!n
.:..

was beneficial
1?

—

to stability and control. The value d Cnq required

for satisfactory flight character~stlcs was+found to
;.
..

degend to some extent on the accompanying values of cy~;

larger values of Cn were requi??~d to ob-taingood ‘ ,.
P

-

flights wtth large values of
.-~y ---

than wi~l small value= ,: ._~
E

—

of Cyp ● —

3. At large values of Cnv for small land moderate ‘

values of C
‘P

and
cY~ ‘

the-control was .Lmgroved by.

the use of independent aileron and.rudder, lf the rudder
was used to maintain zero s3.deslipwhile the ailerons
were used to maneuver the model. F“henthe ailerons
v.~ereused to hold the wings level while. the rudder wa”s .
used to maneuver the model, the wlodel was more diffi- ~ “. : ~
cult to control then when the ailerons alone were used.

k.

Lsm~ley Memorial Aeronautical Laboratory ~
.-
—

?ational Adv!sory Committee fb–rAeronautics
Langley Field, Vs., l!arck27, 194A

-—

-.

.

.-.
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Flwre” 3.- Three-quarter front view of model used in

rotational-damping and directional-stability investi-
gation in Langley ”free-flight tunnel showing tail 1
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Fig. 7’ NACA TN No. 1104
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